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IMAGE SENSOR AND METHOD OF 
FABRICATING THE SAME 

[0001] This application claims priority from Korean 
Patent Application No. 10-2005-0025482 ?led on Mar. 28, 
2005 in the Korean Intellectual Property O?ice, the disclo 
sure of Which is incorporated by reference herein in its 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to an image sensor 
and to a method of fabricating the same, and more particu 
larly, to an image sensor for reducing pixel-to-pixel crosstalk 
and a method of fabricating the same. 

[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] An image sensor converts optical information into 
electrical signals. Recently, With the expansion of the com 
puter and communication industries, there has also been an 
increasing demand for highly-e?icient image sensors in 
various ?elds such as digital cameras, camcorders, personal 
communication systems, game devices, surveillance cam 
eras, micro-cameras for medical use, robots, and so on. 

[0006] A unit pixel in an image sensor converts incident 
light into an electrical signal, and integrates charges corre 
sponding to the amount of light at a photoelectric converter. 
In addition, a unit pixel of an image sensor reproduces an 
image signal through a readout operation. HoWever, the 
incident light may form charges that are not integrated at the 
photoelectric converter of the unit pixel. For example, in a 
charge coupled device (CCD), charges generated in loWer 
and side portions of a photodiode may be injected into a 
vertical transmission CCD channel, causing What is knoWn 
as a smear effect. In addition, in a CMOS image sensor, 
charges may be moved to and integrated at a photoelectric 
converter of an adjacent pixel, causing What is knoWn as 
pixel-to-pixel crosstalk. 

[0007] Referring to FIG. 1, pixel-to-pixel crosstalk may 
be divided into the folloWing categories: (a) optical crosstalk 
A Which occurs When a re?ected light 6 and a refractive light 
are transmitted to a photoelectric converter 2 of a unit pixel 
adjacent to a relevant unit pixel, a re?ected light 6 being 
formed by re?ection on the top or side of metal Wirings M1, 
M2, and M3, a refractive light being formed by refraction at 
a non-uniform layer or at a multilayer structure including 
interlayer insulating layers having different refractive 
indexes; and (b) electrical crosstalk B occurring When 
charges generated at the loWer or side portion of the pho 
toelectric converter 2 of the relevant unit pixel are delivered 
to the photoelectric converter 2 of an adjacent unit pixel via 
a long-Wavelength incident light 7. 

[0008] When crosstalk occurs, resolution decreases in a 
black and White image sensor, causing distortion in an 
image. In addition, in a color image sensor using an RGB 
color ?lter array (CFA), the probability of crosstalk occur 
ring due to red light having a long Wavelength is high, Which 
may cause poor tint. Moreover, crosstalk may cause a 
blooming effect in Which adjacent pixels blur on an image. 

[0009] Thus, there is a need for an improved image sensor 
having reduced pixel-to-pixel crosstalk and for a method of 
fabricating the same. 
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SUMMARY OF THE INVENTION 

[0010] According to an exemplary embodiment of the 
present invention, an image sensor is provided. The image 
sensor includes a semiconductor substrate having a ?rst 
conductivity type and a deep Well having a second conduc 
tivity type. The deep Well is formed at a predetermined depth 
in the semiconductor substrate to divide the semiconductor 
substrate into a ?rst conductivity type upper substrate area 
and a loWer substrate area. The image sensor further 
includes a plurality of unit pixels integrating charges corre 
sponding to incident light and including ?rst conductivity 
type ion-implantation areas. The ?rst conductivity ion-im 
plantation areas are separated from one another. In addition, 
at least one unit pixel among the plurality of unit pixels 
further includes the ?rst conductivity type upper substrate 
area that is positioned under a ?rst conductivity type ion 
implantation area included in the unit pixel. Also, the at least 
one unit pixel among the plurality of unit pixels extends 
beyond the ?rst conductivity type ion-implantation area and 
is electrically isolated from ?rst conductivity type ion 
implantation areas included in adjacent unit pixels of the 
plurality of unit pixels. 

[0011] According to another exemplary embodiment of 
the present invention, a method for fabricating an image 
sensor is provided. The method includes providing a semi 
conductor substrate having a ?rst conductivity type, forming 
a deep Well having a second conductivity type at a prede 
termined depth in the semiconductor substrate to divide the 
semiconductor substrate into a ?rst conductivity type upper 
substrate area and a loWer substrate area, and forming a 
plurality of unit pixels integrating charges corresponding to 
incident light and comprising ?rst conductivity type ion 
implantation areas. The ?rst conductivity type ion-implan 
tation areas are separated from one another such that at least 
one unit pixel among the plurality of unit pixels further 
comprises the ?rst conductivity type upper substrate area 
that is positioned under a ?rst conductivity type ion-implan 
tation area included in the unit pixel Further, the at least one 
unit pixel among the plurality of unit pixels extends beyond 
the ?rst conductivity type ion-implantation area and is 
electrically isolated from ?rst conductivity type ion-implan 
tation areas included in adjacent unit pixels of the plurality 
of unit pixels. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The above and other features of the present inven 
tion Will become more apparent by describing in detail 
preferred embodiments thereof With reference to the 
attached draWings in Which: 

[0013] FIG. 1 illustrates a pixel array of a general image 
sensor; 

[0014] FIG. 2 is a block diagram of an image sensor 
according to an exemplary embodiment of the present 
invention; 
[0015] FIG. 3 is a circuit diagram of a unit pixel in an 
image sensor, according to an exemplary embodiment of the 
present invention; 

[0016] FIG. 4 is a layout illustrating the relationship 
betWeen a photoelectric converter of a unit pixel and a 
second isolation Well in an image sensor, according to an 
exemplary embodiment of the present invention; 
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[0017] FIG. 5A is a cross-section of the image sensor, 
taken along the line A-A' shown in FIG. 4; 

[0018] FIG. 5B is a cross-section of the image sensor, 
taken along the line B-B' shoWn in FIG. 4; 

[0019] FIGS. 6A and 6B are cross-sections of an image 
sensor including a unit pixel, according to an exemplary 
embodiment of the present invention; 

[0020] FIG. 7 is a layout illustrating the relationship 
betWeen a photoelectric converter of a unit pixel and a 
second isolation Well in an image sensor, according to an 
exemplary embodiment of the present invention; 

[0021] FIG. 8A is a cross-section of the image sensor, 
taken along the line A-A' shoWn in FIG. 7; 

[0022] FIG. 8B is a cross-section of the image sensor, 
taken along the line B-B' shoWn in FIG. 7; 

[0023] FIG. 9 is a layout illustrating the relationship 
betWeen a photoelectric converter of a unit pixel and a 
second isolation Well in an image sensor, according to an 
exemplary embodiment of the present invention; 

[0024] FIG. 10A is a cross-section of the image sensor, 
taken along the line A-A' shoWn in FIG. 9; 

[0025] FIG. 10B is a cross-section of the image sensor, 
taken along the line B-B' shoWn in FIG. 9; 

[0026] FIGS. 11 through 11D are cross-sections of stages 
in a method of fabricating an image sensor, according to an 
exemplary embodiment of the present invention; and 

[0027] FIG. 12 is a graph illustrating spectral response 
characteristics measured from a color image sensor fabri 
cated according to an exemplary embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
EXEMPLARY EMBODIMENTS OF THE 

INVENTION 

[0028] Image sensors according to exemplary embodi 
ments of the present invention include charge coupled 
device (CCD) image sensors, as Well as complementary 
metal oxide semiconductor (CMOS) image sensors. The 
CDD image sensor has smaller noise and better image 
quality than the CMOS image sensor. HoWever, the CCD 
image sensor requires a higher voltage and is more expen 
sive to manufacture than a CMOS image sensor. In addition, 
the CMOS image sensor is easy to operate and can be 
implemented in various scanning methods. Moreover, since 
a signal processing circuit can be integrated With a CMOS 
image sensor on a single chip, smaller products can be 
produced as a result. In addition, the manufacturing costs 
can be reduced using a CMOS manufacturing technology. 
Further, due to its very loW poWer consumption, the CMOS 
image sensor can be easily applied to products With limited 
battery capacity. Inlight of the foregoing, the exemplary 
embodiments of the present invention Will be described With 
reference to a CMOS image sensor. HoWever, the technical 
spirit of the present invention can also be applied to a CCD 
image sensor as Well. 

[0029] The exemplary embodiments of the present inven 
tion Will noW be described more fully With reference to the 
accompanying draWings, in Which preferred embodiments 
of the invention are shoWn. 
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[0030] Exemplary embodiments of an image sensor of the 
present invention Will be described With respect to FIGS. 2 
through 10B. 

[0031] FIG. 2 is a block diagram of an image sensor 
according to an exemplary embodiment of the present 
invention. 

[0032] Referring to FIG. 2, an image sensor 1 includes a 
pixel array 10, a timing generator 20, a roW decoder 30, a 
roW driver 40, a correlated double sampler (CDS) 50, an 
analog-to-digital converter (ADC) 60, a latch 70, and a 
column decoder 80. 

[0033] The pixel array 10 includes a plurality of unit 
pixels arranged in tWo dimensions. The plurality of unit 
pixels convert an optical image into an electrical signal. The 
pixel array 10 operates in response to a plurality of driving 
signals such as a pixel selection signal (ROW), a reset signal 
(RST), and ?rst and second charge transmission signals 
(TG1 and TG2) received from the roW driver 40. The pixel 
array 10 provides the electrical signal to the CDS 50 via a 
vertical signal line. 
[0034] Referring to FIG. 3, a unit pixel 100 includes a 
photoelectric converter 110, a charge detector 120, a charge 
transmitter 130, a reset unit 140, an ampli?er 150, and a 
selector 160. The unit pixel 100 includes four transistors in 
an exemplary embodiment illustrated in FIG. 3 but may also 
include but is not limited to 3 or 5 transistors. 

[0035] The photoelectric converter 110 absorbs incident 
light and integrates charges corresponding to the amount of 
incident light. The photoelectric converter 110 absorbs inci 
dent light and accumulates an amount of electric charge 
corresponding to the amount of incident light. Moreover, the 
photoelectric converter 110 may be a photodiode, a pho 
totransistor, a photogate, a pinned photodiode (PPD), or a 
combination of any of these devices. 

[0036] The charge detector 120 is implemented as a ?oat 
ing diffusion (FD) region and receives the integrated charges 
from the photoelectric converter 110. The charge detector 
120 has parasitic capacitance and thus stores charge accu 
mulatively. The charge detector 120 is electrically connected 
to a gate of the ampli?er 150 and controls the ampli?er 150. 

[0037] The charge transmitter 130 transmits the charges 
from the photoelectric converter 110 to the charge detector 
120. Generally, the ?rst charge transmitter 130 is comprised 
of one transistor and is controlled by a charge transmission 
signal TG. 
[0038] The reset unit 140 periodically resets the charge 
detector 120. A source of the reset unit 140 is connected to 
the charge detector 120, and a drain of the reset unit 140 is 
connected to the poWer supply voltage Vdd. The reset unit 
140 operates in response to the reset signal RST. 

[0039] The ampli?er 150 combines With a constant current 
source positioned outside the unit pixel 100 and acts as a 
source folloWer buffer ampli?er. A varying voltage Which is 
responsive to a voltage of the charge detector 120 is output 
from the ampli?er 150 to a vertical signal line 162. A source 
of the ampli?er 150 is connected to a drain of the selector 
160. In addition, a drain of the ampli?er 150 is connected to 
the poWer supply voltage Vdd. 
[0040] The selector 160 selects the unit pixel 100 to be 
read in roW units. The selector 160 drives in response to a 
selection signal ROW and has a source connected to a 
vertical signal line 111. 
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[0041] In addition, driving signal lines 131, 141, and 161 
of the respective charge transmitter 130, reset unit 140, and 
selector 160 extend in a roW direction (i.e., a horizontal 
direction) so that unit pixels on the one roW operate simul 
taneously. 

[0042] Referring back to FIG. 2, the timing generator 20 
provides a timing signal and a control signal to the roW 
decoder 30 and the column decoder 80. 

[0043] The roW driver 40 provides a plurality of driving 
signals to the pixel array 10 to operate the plurality of unit 
pixels according to a decoding result of the roW decoder 30. 
Generally, When the unit pixels are arranged in a matrix 
form, a driving signal is provided for each roW. 

[0044] The CDS 50 receives an electrical signal from the 
pixel array 10 via a vertical signal line and performs holding 
and sampling. That is, the CDS 50 double samples a 
reference voltage level (hereinafter, referred to as a “noise 
level”) and a voltage level of the electrical signal (herein 
after, referred to as a “signal level”) and outputs a differen 
tial level corresponding to the difference betWeen the noise 
level and the signal level. 

[0045] The ADC 60 converts an analog signal correspond 
ing to a differential level into a digital signal. 

[0046] The latch 70 latches the digital signal. The latched 
signal is sequentially output to an image signal processor 
according to a decoding result of the column decoder 80. 

[0047] FIG. 4 is a layout illustrating the relationship 
betWeen a photoelectric converter of a unit pixel and a 
second isolation Well in an image sensor, according to an 
exemplary embodiment of the present invention, FIG. 5A is 
a cross-section of the image sensor, taken along the line A-A' 
shoWn in FIG. 4, and FIG. 5B is a cross-section of the 
image sensor, taken along the line B-B' shoWn in FIG. 4. 

[0048] Referring to FIG. 4, an image sensor according to 
an exemplary embodiment of the present invention includes 
a plurality of unit pixels in a matrix form to convert an 
optical image into an electrical signal. Further, since incident 
light passes through a micro lens and a color ?lter and then 
reaches a photoelectric converter, charges corresponding to 
incident light in a predetermined Wavelength range are 
integrated. In particular, in an exemplary embodiment of the 
present invention, color ?lters may be arranged in a Bayer 
type color ?lter array (CFA). HoWever, the present invention 
is not restricted thereto. Preferably, half or more of a Bayer 
color ?lter array is provided for the color green due to the 
fact that human eyes are more sensitive to green than other 
colors. 

[0049] Referring to FIGS. 4 through 5B, the image 
sensor includes a semiconductor substrate, a deep Well 102, 
a ?rst isolation Well 104, a device isolation region 106, a 
second isolation Well 108, and photoelectric converters 
110R, 110G, and 110B. In the exemplary embodiment 
illustrated in FIGS. 4 through 5B, each of the photoelectric 
converters 110R, 110G, and 110B are implemented as a 
pinned photo diode (PPD). 

[0050] The semiconductor substrate is a ?rst conductivity 
type (for example, an N type) and includes a loWer substrate 
area 101 and an upper substrate area 103. In detail, the loWer 
and upper substrate areas 101 and 103 are de?ned by the 
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second conductivity type (for example, P type) deep Well 
102 formed to a predetermined depth in the semiconductor 
substrate. 

[0051] The deep Well 102 forms a potential barrier so that 
charges generated deep in the loWer substrate area 101 are 
prevented from ?oWing into the photoelectric converters 
110R, 110G, and 110B to avoid a recombination betWeen 
charges and holes. Consequently, the deep Well 102 reduces 
pixel-to-pixel crosstalk caused by random drift of charges. 

[0052] For example, the deep Well 102 may have a maxi 
mum concentration at a depth of about 3-12 pm from a 
surface of the semiconductor substrate and may have a 
thickness of about l-5 pm. Here, the depth of about 3-12 pm 
is substantially the same as an absorption length of red or 
near infrared region light. When the depth of the deep Well 
102 from the surface of the semiconductor substrate 
becomes shalloW, the diffusion prevention e?fect increases, 
and therefore, crosstalk decreases. HoWever, since the pho 
toelectric converters 110R, 110G, and 110B also become 
shalloW, sensitivity With respect to incident light having a 
long Wavelength (e.g., a red Wavelength) that has a high 
photoelectric conversion rate at a deep place may also 
decrease. Accordingly, the position of the deep Well 102 may 
be adjusted according to a Wavelength range of incident 
light. 
[0053] The device isolation region 106 is formed in the 
upper substrate area 103 to de?ne an active region. Gener 
ally, the device isolation region 106 may be a ?eld oxide 
(FOX) or shalloW trench isolation region formed using a 
local oxidation of silicon (LOCOS) method. 

[0054] In addition, the second conductivity type (e.g., P+ 
type) ?rst isolation Well 104 may be formed under the device 
isolation region 106. The ?rst isolation Well 104 isolates a 
plurality of photodiodes 112R, 112G, and 112B from each 
other. To reduce horizontal crosstalk among the photodiodes 
112R, 112G, and 112B, the ?rst isolation Well 104 extends 
to substantially the same depth as or deeper than the pho 
todiodes 112R, 112G, and 112B. 

[0055] The photoelectric converters 110R, 110G, and 
110B include the N+ type photodiodes 112R, 112G, and 
112B, respectively; P+++ type pinning layers 114R, 114G, 
and 114B, respectively; and the upper substrate area 103 
positioned under the photodiodes 112R, 112G, and 112B. 

[0056] The photodiodes 112R, 112G, and 112B store 
charges generated corresponding to incident light. The pin 
ning layers 114R, 114G, and 114B reduce electron-hole pairs 
(EHPs) thermally generated in the upper substrate area 103, 
thereby preventing dark current. In other Words, among 
EHPs thermally generated at a dangling bond on the surface 
of the upper substrate area 103, positive charges di?‘use to a 
grounded substrate via the P+++ type pinning layers 114R, 
114G, and 114B, and negative charges recombine With the 
positive charges during diffusion through the pinning layers 
114R, 114G, and 114B and thus become extinct. 

[0057] The photodiodes 112R, 112G, and 112B are sepa 
rated from the deep Well 102 by a predetermined distance, 
and therefore, the upper substrate area 103 positioned under 
the photodiodes 112R, 112G, and 112B can be used for 
photoelectric conversion. In detail, the photoelectric con 
verters 110R, 110G, and 110B include the ?rst conductivity 
type photodiodes 112R, 112G, and 112B, respectively, as 
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Well as the ?rst conductivity type upper substrate area 103 
Which is positioned under the photodiodes 112R, 112G, and 
112B. It is also noted that the area of the upper substrate area 
103 changes in accordance With the particular Wavelength of 
incident light. Here, When stating that the area of the upper 
substrate area 103 changes, this includes meaning that the 
upper substrate area 103 may in some other exemplary 
embodiments not be included in the photoelectric converters 
110R, 110G, and 110B. 

[0058] Referring to FIG. 5A, the upper substrate area 103 
positioned under the photodiode 112R included in at least 
one photoelectric converter 110R among the plurality of the 
photoelectric converters 110R, 110G, and 110B extends 
beyond a range of the photodiode 112R and is electrically 
and/or physically isolated from the photodiode 112G of the 
adjacent photoelectric converter 110G. In particular, at least 
part of the upper substrate area 103 positioned under the 
photodiode 112R overlaps With the ?rst isolation Well 104. 
The upper substrate area 103 positioned under the photo 
diode 112R, extends beyond the range of the photodiode 
112R and can integrate charges corresponding to incident 
light such as red-Wavelength light having the longest Wave 
length of incident light to the photoelectric converters 110R, 
110G, and 110B. 

[0059] When the upper substrate area 103 positioned 
under the photodiodes 112R, 112G, and 112B integrates 
charges corresponding to incident light having a long Wave 
length, its area S1 increases. In other Words, the upper 
substrate area 103 positioned under the photodiode 112R 
included in the photoelectric converter 110R, i.e., a red 
photoelectric converter corresponding to incident light hav 
ing a red Wavelength, extends to a portion under the ?rst 
isolation Well 104. Contrarily, photoelectric converters 110G 
and 110B, i.e., a green photoelectric converter and a blue 
photoelectric converter corresponding to green-Wavelength 
light and blue-Wavelength light, respectively, do not include 
the upper substrate area 103 but rather includes only the 
photodiodes 112G and 112B, respectively. 

[0060] In detail, the photodiodes 112R, 112G, and 112B of 
the respective photoelectric converters 110R, 110G, and 
110B are separated from one another by the ?rst isolation 
Well 104 and the upper substrate area 103 positioned under 
the photodiodes 112R, 112G, and 112B is divided by the 
second isolation Well 108. The area of the second isolation 
Well 108 increases When incident light has a short Wave 
length. In an exemplary embodiment of the present inven 
tion, the second isolation Well 108 is not formed under the 
red photodiode 112R but rather is formed under the green 
and blue photodiodes 112G and 112B. In other Words, as 
shoWn in FIG. 4, ion-implantation is performed on an area 
other than the red photoelectric converter 110R and its 
surrounding area, thereby forming the second isolation Well 
108. 

[0061] Since a long Wavelength in the red region has a 
great penetration depth in silicon, charges are easily gener 
ated in the upper substrate area 103, and therefore, crosstalk 
is highly likely to occur. In particular, even When charges are 
generated in the upper substrate area 103 due to light 
incident With a predetermined slope as shoWn in FIG. 5A, 
the charges can be integrated at the red photodiode 112R as 
illustrated by an arroW c since the upper substrate area 103 
is Wide. As a result, the sensitivity of the red photodiode 
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112R increases. Contrarily, since a Wavelength in a green or 
blue region has a lesser penetration depth than a Wavelength 
in the red region in silicon, the area of the upper substrate 
area 103 under the photodiodes 112G and 112B may be 
adjusted according to operational characteristics or fabrica 
tion conditions of the image sensor. When the second 
isolation Well 108 is formed extending under the photo 
diodes 112G and 112B and the ?rst isolation Well 104 as 
shoWn in FIGS. 5A and 5B, externally generated charges 
are prevented from ?oWing into the photodiodes 112G and 
112B and charges generated due to green-Wavelength light 
and blue-Wavelength light denoted by arroWs “d” and e”, 
respectively, are integrated at the photodiodes 112G and 
112B. 

[0062] MeanWhile, the exemplary embodiment of the 
present invention described above signi?cantly reduces the 
probability of crosstalk as compared to a case Where a ?rst 
isolation Well is formed deep using high energy to isolate a 
plurality of photoelectric converters (i.e., the ?rst isolation 
Well separates photodiodes from one another and simulta 
neously divides an upper substrate area under the photo 
diodes). In detail, When all of red, green, and blue photo 
electric converters have the upper substrate area as the same 
siZe under their photodiodes due to the ?rst isolation Well 
formed deep, photoelectric conversion may occur in the ?rst 
isolation Well due to incident light having a particular slope, 
and therefore, the probability of crosstalk still exists. In 
addition, in terms of fabrication, the thickness of photoresist 
increases to form the ?rst isolation Well deep, and therefore, 
it is dif?cult to form micro patterns. When the photoelectric 
converters 110R, 110G, and 110B and the second isolation 
Well 108 are formed as shoWn in FIG. 4, fabrication can be 
performed easily since the pattern Width is satisfactorily 
Wide in a photo process. 

[0063] FIGS. 6A and 6B are cross-sections of an image 
sensor including a unit pixel, according to another exem 
plary embodiment of the present invention. For brevity, 
components each having the same function as described in 
the exemplary embodiment shoWn in FIGS. 5A and 5B are 
identi?ed by the same reference numeral and a repetitive 
description thereof Will be omitted. 

[0064] An image sensor according to an exemplary 
embodiment illustrated in FIGS. 6A and 6B includes the 
upper substrate area 103 provided thicker than that included 
in the image sensor according to the exemplary embodiment 
illustrated in FIGS. 4 through 5B. Accordingly, in this 
exemplary embodiment, more charges generated in the 
upper substrate area 103 due to a long Wavelength can be 
integrated and color sensitivity can be increased compared 
to the previous exemplary embodiment of FIGS. 4 through 
5B. 

[0065] FIG. 7 is a layout illustrating the relationship 
betWeen a photoelectric converter of a unit pixel and a 
second isolation Well in an image sensor, according to 
another exemplary embodiment of the present invention, 
FIG. 8A is a cross-section of the image sensor, taken along 
the line A-A' shoWn in FIG. 7, and FIG. 8B is a cross 
section of the image sensor, taken along the line B-B' shoWn 
in FIG. 7. 

[0066] An image sensor according to the exemplary 
embodiment illustrated in FIGS. 7 through 8B is different 
from that according to the exemplary embodiments illus 
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trated in FIGS. 4 through 5B in that the second isolation 
Well 108 is formed in a minimum area to maximize an area 

of the photoelectric converters 110R, 110G, and 110B. In 
other Words, the upper substrate area 103 is formed in 
predetermined areas S2 and S3 under the photodiodes 112G 
and 112B, respectively, included in the green and blue 
photoelectric converters 110G and 110B, respectively. In 
particular, since a Wavelength decreases in order of red, 
green, and blue, areas of the upper substrate area 103 under 
the respective photodiodes 112R, 112G, and 112B may be 
determined to decrease in order of red, green, and blue (i.e., 
81282283). Accordingly, as shoWn in FIG. 7, the upper 
substrate area 103 may be formed under the red photodiode 
112R in the same manner as the upper substrate area 103 is 
formed in the exemplary embodiment illustrated in FIGS. 4 
through 5B. Moreover, the upper substrate area 103 under 
the green photodiode 112G may be formed extending in one 
direction, and the upper substrate area 103 under the blue 
photodiode 112B may be formed overlapping With that 
under the green photodiode 112G. Since the green and blue 
photoelectric converters 110G and 110B includes the upper 
substrate area 103 under the photodiodes 112G and 112B, 
respectively, charges generated under the photodiodes 112G 
and 112B can be integrated at the photodiodes 112G and 
112B. 

[0067] FIG. 9 is a layout illustrating the relationship 
betWeen a photoelectric converter of a unit pixel and a 
second isolation Well in an image sensor, according to still 
another exemplary embodiment of the present invention. 
FIG. 10A is a cross-section of the image sensor, taken along 
the line A-A' shoWn in FIG. 9, and FIG. 10B is a cross 
section of the image sensor, taken along the line B-B' shoWn 
in FIG. 9. 

[0068] In an image sensor according to the exemplary 
embodiment illustrated in FIGS. 9 through 10B, the pho 
toelectric converters 110R, 110G, and 110B include the 
upper substrate area 103 in predetermined areas under their 
respective photodiodes 112R, 112G, and 112B. Since a 
Wavelength decreases in order of red, green, and blue, the 
areas of the upper substrate area 103 under the respective 
photodiodes 112R, 112G, and 112B may be determined to 
decrease in order of red, green, and blue (i.e., 81 282283). 
In particular, since photoelectric conversion is performed on 
a short Wavelength in a blue Wavelength, the second isola 
tion Well 108 may be formed entirely under the blue pho 
todiode 112B Without having the upper substrate area 103 
under the blue photodiode 112B. 

[0069] According to the exemplary embodiments of the 
present invention, an image sensor can reduce electrical 
crosstalk that may occur due to a long Wavelength. Accord 
ingly, image distortion, poor tint, a blooming effect, etc. can 
be reduced and thus the image reproducibility characteristics 
are also improved by the exemplary embodiments of the 
present invention. In addition, since charges generated due 
to the long Wavelength can be integrated at a photodiode 
area, color sensitivity can also be increased. 

[0070] Hereinafter, a method of fabricating an image 
sensor according to an exemplary embodiment of the present 
invention Will be described With reference to FIGS. 11A 
through 11D. FIGS. 11 through 11D are cross-sections of 
stages in a method of fabricating an image sensor, according 
to an exemplary embodiment of the present invention. 
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[0071] Referring to FIG. 11A, impurity ions are implanted 
into a predetermined area in a ?rst conductivity type semi 
conductor substrate, thereby forming a deep Well 102 de?n 
ing a loWer substrate area 101 and an upper substrate area 
103. For example, When an N type semiconductor substrate 
is used, boron ions having a second conductivity type 
different than the semiconductor substrate may be implanted 
at annenergy of at least about 2 MeV and a dose of about 
l><l0 through about l><l0l6 ions/cm2 to form the deep Well 
102. The deep Well 102 may be formed at a depth of about 
3-12 um from a surface of the semiconductor substrate and 
have a maximum concentration of about l><l0l5 through 
about l><l02O atoms/cm3. 

[0072] Referring to FIG. 11B, a device isolation region 
106 is formed on the upper substrate area 103 to de?ne 
active regions for pixels and peripheral circuits to be formed. 

[0073] Thereafter, impurity ions are implanted under the 
device isolation region 106, thereby forming a ?rst isolation 
Well 104 having the second conductivity type to reduce 
horiZontal crosstalk. Here, the ?rst isolation Well 104 may 
have an impurity concentration of about l><l0l6 through 
about l><l0l8 atoms/cm3 and may extend to substantially the 
same depth as or deeper than a photodiode. 

[0074] Referring to FIG. 11C, impurity ions are implanted 
in the active regions, thereby forming photodiodes 112R, 
112G, and 112B and pinning layers 114R, 114G, and 114B. 
The photodiodes 112R, 112G, and 112B and the pinning 
layers 114R, 114G, and 114B are formed using tWo different 
ion-implantation processes. In detail, ?rst conductivity type 
impurity ions are implanted deeper than surrounding source 
and drain to form the photodiodes 112R, 112G, and 112B, 
and then second conductivity type impurity ions are 
implanted onto the top of the photodiodes 112R, 112G, and 
112B at loWer energy and high dose to form the pinning 
layers 114R, 114G, and 114B near the surface of the semi 
conductor substrate. The photodiodes 112R, 112G, and 112B 
are formed separated from the deep Well 102 by a prede 
termined distance. The photodiodes 112R, 112G, and 112B 
may have an impurity concentration of about 1x 1 015 through 
about l><l0l8 atoms/cm3 and the pinning layers 114R, 114G, 
and 1814B may have an impurity concentration of about 
l><l0 through about l><l022 atoms/cm3. Here, a doping 
concentration and position may be different according to 
fabrication processes and design. 

[0075] Referring to FIG. 11D, a second isolation Well 108 
is formed to divide the upper substrate area 103 under the 
photodiodes 112R, 112G, and 112B in units of unit pixels 
such that the upper substrate area 103 has different areas 
under the photodiodes 112R, 112G, and 112B according to 
the Wavelength of incident light. The second isolation Well 
108 is formed by implanting second conductivity type 
impurity ions into the resultant structure shoWn in FIG. 11C 
at an energy of about l-3 MeV and a dose of about l><l0l2 
through about l><l0l5 ions/cm2. Even When high energy is 
used for ion-implantation, a simple photoresist pattern, as 
shoWn in FIG. 4, is used, thereby facilitating fabrication. 

[0076] In this exemplary embodiment of the present 
invention, the deep Well 102, the ?rst isolation Well 104, the 
photodiodes 112R, 112G, and 112B, and the pinning layers 
114R, 114G, and 114B are sequentially formed. HoWever, 
other forming sequences knoWn to those skilled in the art 
may also used in practicing the exemplary embodiments of 
the present invention. 
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[0077] In another embodiment of the present invention, 
the deep Well 102 may be formed deeper and the second 
isolation Well 108 may be formed using a plurality of 
ion-implantations to divide the upper substrate area 103 
under the photodiodes 112R, 112G, and 112B. For example, 
ion-implantations may be performed at energy of 3, 2, and 
2 MeV sequentially, so that the second isolation Well 108 
extends deeper. 

[0078] The exemplary embodiments of the present inven 
tion Will be described in more detail by explaining the 
folloWing exemplary embodiment experiment. Details that 
can be technologically inferred from the folloWing descrip 
tion Will be omitted. 

Exemplary Embodiment Experiment 

[0079] A P type deep Well Was formed in an N type 
semiconductor substrate, thereby de?ning a loWer substrate 
area under the P type deep Well and an upper substrate area 
over the P type deep Well. A plurality of PPDs Were formed 
Within the upper substrate area to be separated from the P 
type deep Well by a predetermined distance. Thereafter, a 
second isolation Well Was formed to divide the upper sub 
strate area under the PPDs, as shoWn in FIG. 4. Thereafter, 
a spectral response characteristic of a color image sensor 
Was measured at different Wavelengths. Measuring results 
are illustrated in FIG. 12. 

[0080] In FIG. 12, an x-axis indicates a Wavelength and a 
y-axis indicates spectral response. Solid lines refer to the 
exemplary experiment of the present invention and dotted 
lines refer to conventional technology. Here, a standardized 
value is used for the spectral response. In the conventional 
technology, crosstalk increases When a Wavelength 
increases, spectral characteristics of regions other than a 
relevant region appear. For example, at a Wavelength of 
about at least 600 nm, it is expected that only an output of 
red pixels appears and outputs of green and blue pixels 
almost do not appear. HoWever, in the conventional tech 
nology, at the Wavelength of about at least 600 nm, outputs 
G2 and B2 of the green and blue pixels are great although 
an output R2 of red pixels appears high. As a result, color 
purity decreases due to crosstalk. HoWever, in the exemplary 
embodiment experiment of the present invention, at the 
Wavelength of about at least 600 nm, an output R1 of red 
pixels mainly appears and outputs G1 and B1 of green and 
blue pixels are very small. Accordingly, it can be inferred 
that the exemplary embodiments of the present invention 
reduce crosstalk. 

[0081] As described above, according to exemplary 
embodiments of the present invention, one or more of the 
folloWing effects are achieved. Electrical crosstalk that may 
occur due to a long Wavelength is reduced. Accordingly, 
image distortion, poor tint, and a blooming effect are 
reduced, and therefore, image reproducibility is increased. 
In addition, since charges generated due to the long Wave 
length can be integrated at a photodiode area, sensitivity due 
to the long Wavelength increases. Moreover, since a second 
isolation Well is formed using a simple photoresist pattern, 
ion-implantation using high energy can be used Without 
restrictions. 

[0082] Having described the exemplary embodiments of 
the present invention, it is further noted that it is readily 
apparent to those of reasonable skill in the art that various 
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modi?cations may be made Without departing from the spirit 
and scope of the invention Which is de?ned by the metes and 
bounds of the appended claims. 

What is claimed is: 
1. An image sensor comprising: 

a semiconductor substrate having a ?rst conductivity type; 

a deep Well having a second conductivity type, the deep 
Well being formed at a predetermined depth in the 
semiconductor substrate to divide the semiconductor 
substrate into a ?rst conductivity type upper substrate 
area and a loWer substrate area; and 

a plurality of unit pixels integrating charges correspond 
ing to incident light and comprising ?rst conductivity 
type ion-implantation areas said ?rst conductivity type 
ion-implantation areas are separated from one another, 
at least one unit pixel among the plurality of unit pixels 
further comprising the ?rst conductivity type upper 
substrate area that is positioned under a ?rst conduc 
tivity type ion-implantation area included in the unit 
pixel, extends beyond the ?rst conductivity type ion 
implantation area and is electrically isolated from ?rst 
conductivity type ion-implantation areas included in 
adjacent unit pixels of said plurality of unit pixels. 

2. The image sensor of claim 1, Wherein the at least one 
unit pixel integrates charges corresponding to incident light 
having a longest Wavelength of incident light into the 
plurality of unit pixels. 

3. The image sensor of claim 1, Wherein the ?rst conduc 
tivity type ion-implantation areas are de?ned by a second 
conductivity type ?rst isolation Well. 

4. The image sensor of claim 1, Wherein the plurality of 
unit pixels comprise a red unit pixel, a green unit pixel, and 
a blue unit pixel Which integrate charges corresponding to 
incident light having a Wavelength in a red region, incident 
light having a Wavelength in a green region, and incident 
light having a Wavelength in a blue region, and Wherein the 
at least one unit pixel is the red unit pixel. 

5. The image sensor of claim 4, Wherein each of the green 
and blue unit pixels comprises only a ?rst conductivity type 
ion-implantation area. 

6. The image sensor of claim 4, Wherein the ?rst conduc 
tivity type upper substrate area included in the red unit pixel 
is Wider than the ?rst conductivity upper substrate included 
in each of the green and blue unit pixels. 

7. The image sensor of claim 6, Wherein the ?rst conduc 
tivity type upper substrate area included in the green unit 
pixel is Wider than the ?rst conductivity type upper substrate 
area included in the blue unit pixel. 

8. The image sensor of claim 4, Wherein the red, green, 
and blue unit pixels are arranged in a Bayer type color ?lter 
array. 

9. The image sensor of claim 1, Wherein the ?rst conduc 
tivity type ion-implantation areas are isolated in units of unit 
pixels by a second isolation Well having the second conduc 
tivity type. 

10. The image sensor of claim 9, Wherein the second 
isolation Well having the second conductivity type has 
substantially the same depth as or is deeper than the ?rst 
conductivity type ion-implantation areas. 

11. The image sensor of claim 9, Wherein the ?rst con 
ductivity type upper substrate area at least partially overlaps 
With the second isolation Well. 




